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Study on the Sintering Characteristics of the Mixed Metal Powder with Yb Fiber Laser 
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In order to manufacture the part of a small lot at lower cost and shorter lead-time, various techniques, such as a rapid 
tooling, reverse engineering and high speed milling, are proposed. Recently, milling-combined laser metal sintering system, 
which is the device of sintering the metal powder and milling the sintered metal with end mill at the one process, has been 
developed to produce the injection molding dies. In this report, the sintering characteristics of the metal powder used for 
rapid tooling with Yb fiber laser are described. Relationship between the scanning speed of laser beam and the width of 
sintered material on the different surface plate are investigated. Moreover, the cross section of sintered material is analyzed 
with EPMA and cutting force is measured by the dynamometer in the various conditions. 
As a result, it was shown that the suitable irradiation energy for laser sintering should be selected to obtain the good 
shaped structure, which is occurred the melting, the cohesion and the solidification of the metal powder repeatedly. The 
shape of sintered material is formed like a spherical in the conditions of too much energy supply, and not formed partially in 
the conditions of a little energy supply. The melted metal powder with the generated heat by laser irradiation alloyed with 
the plate surface on the process of the solidification. The specific cutting force of sintered material on the surface with 
sandblast is quite larger than that on the standard surface by the difference of the wetting of melted metal powder. 















































* 原稿受付 平成 19 年 10 月 9 日 
** 正 会 員 金沢大学大学院（石川県金沢市角間町） 
*** 正 会 員 松下電工(株)（大阪府門真市大字門真 1048） 
Table 3  Experimental conditions Table 1  Specification of the Yb fiber laser 
  Powder thickness d   50 μm
  Scanning speed F   10 - 1000 mm/s
  Sandblast  (#35)
  Standard (#800)
  Sintering surface
 
  Laser type   Yb fiber (CW)
  Beam diameter φ   84 μm
  Wavelength λ   1070 nm
  Maximum output energy P   40 W
  Scanning speed F   1-3000 mm/s   
20μm  
Table 2  Specification of the metal powder 
  Material   SCM, Cu, Ni
  Shape   Irregular
  Particle mean diameter   30 μm
  Bulk density   4190 kg/m3
  Absorption ratio (1070 nm)   25%










Z-axis stageVessel  
Fig.3  SEM image of the metal powder 
100μm100μm  
(a) Standard                 (b) Sandblast 


























Fig.1  Schematic illustration of the sintering unit 






Plate: SPCC (t =3.2 mm)
Surface: #800 polishing
Ra = 0.08 μm
Rz = 1.08 μm












Length  mm  











φ = 84 μm
Laser: Yb fiber (CW)
   λ =1070 nm














Radious   r   μm  
Fig.2  Beam profile at focus spot 
(a) Standard 






Plate: SPCC (t =3.2 mm)
Surface: Sandblast (#35)
Ra = 3.5 μm
Rz = 37.9 μm












Length  mm  
(b) Sandblast 
Fig.5  Roughness profile of the plate surface for sintering 
Table 4  Cutting conditions for sintered material 
200μm200μm  
  Tool material   Solid carbide
  Diameter φ t   6 mm
  Shape   Flat end mill
  Cutting speed V   75.4 m/min









(a) F =20 mm/s                (b) F =100 mm/s 
200μm 200μm  
(a) Before cutting        (b) After cutting 
Fig.6  Schematic illustration for the measurement of cutting force 
 
このときのかさ密度を測定したところ 4190 kg/m3となり，真密
度と比較して 50%程度となることがわかっている 6)．  
 
(c) F =500 mm/s               (d) F =800 mm/s 
Fig.7  Photo of the sintered line on the sandblast surface 
 実験条件を表 3 に示す．実験は，ステージ上に取り付けた鋼
材プレート(SPCC, t =3.2 mm)に，スキージングブレードを用いて




















   P = 40 W
   φ = 84 μm (focus)
   V = 20-1000 mm/sec


























ート面が Ra =0.6 μm，サンドブラスト面が Ra =3.5 μm となった． 
Fig.8  Relationship between scanning speed and width of   
































レーザ走査速度がF =20 mm/sのとき幅はds =460 μmとなり，レー
ザスポット径φ =84 μmの 5 倍以上の幅が形成されているが，F 
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Plate edge Sintered material
Plate Plate: Sandblast
F =100mm/s
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Plate edge Plate edge
 
Fig.10  Waveform from the dynamometer  
      (Plate: Sandblast, F =100mm/s) 
 
100 μm 100 μm  
(c) Cu                      (d) Ni 












(a) Before cutting                 (b) After cutting 

































図9は，サンドブラスト面に F =100 mm/s のレーザ走査速度
で造形した焼結ラインについて，その断面を EPMA で面分析し


















結物の様子を SEM 観察した結果を図 11 に示す．SEM 画像は，
焼結物を斜め 45°上方から観察したものである．切削動力計から




































Tool: flat end mill (φt =6 mm)
         (Solid carbide)
f =0.01 mm/tooth
V =75.4 m/min
Piezo electric sensor: 9251A
Charge Amplifier: 5011B
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Fig.12  Specific cutting force of the sintered line at each surface 
 
100μm100μm  













4. 結   言 
(a) Standard                 (b) Sandblast 本研究では，Yb ファイバーレーザによる金属粉末の焼結特性
を知るため，焼結プレートの面性状の違いによる焼結幅や比切
削抵抗を調べた．以下に，得られた結果を要約する． 




度が F =100～200 mm/s の範囲において，良好なライン焼結物
が造形可能であった．このとき，得られた焼結物の幅はレー
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